The interaction of magnesium hydrate at the phosphate oxygen atoms of the purine nucleotides (AMP, GMP, IMP) were studied at the Hartree-Fock level Theory. We used LANL2DZ basis set for Mg and 6-3 lg* basis set for other atoms. The basis set superposition error (BSSE) begins to converge for used method/basis set. NBO calculations were performed to the second-order; perturbative estimates of donor-acceptor (bonding-antibonding) interactions have been done. The gauge-invariant atomic orbital (GIAO) method was employed to calculate isotropic atomic shielding of the nucleotides using HF/6-31g** level.
We describe in detail the structures of magnesium hydrate complexes of purine nucleotide 5'-monophosphate, using ab initio quantum-chemical calculation made at the Hartree-Fock (HF) theoretical level with 6-3lg* basis set predicted effects of the magnesium hydrate on the phosphate coordination.
Lanl2DZ for Mg and purine nucleotide 5'-monophosphates have been carried out. Hydrogen bonding will be discussed in term of observable properties such as geometry. The structures were supported by comparing the measured 'H-NMR spectra to the results of ab initio gauge-invariant atomic orbital (GIAO) /8/ computation of chemical shifts. The basis set superposition error (BSSE) was computed, through the counterpoise method /10/ implemented in the Gaussian 98 code, for the most stable complexes.
Μ Monajjemi et al. Main Group Metal Chemistry

METHOD:
The structures of all the systems were optimized using the framework of the Hartree-Fock and LANL2DZ
basis set for magnesium and 6-31g* basis set /ll,12/ for other atoms. A natural bond orbital (NBO) /9/ analysis, which localizes the many-electron wave function into Lewis-type electron-pairs, was carried out at the HF level and 6-3 lg* basis set of theory to determine donor-acceptor interactions.
Finally, All NMR analysis have been performed using 6-31g** basis set and the HF level. The GIAO /8/ methods were used to calculate the isotropic NMR shielding at the HF/6-31g** of theory.
The interaction energies of the counterparts were estimated as the energy difference between the complex and the isolated components and were corrected for the basis set superposition error (BSSE). The BoysBernardi counterpoise method /13/, applied at the magnesium hydrate nucleotide complexes geometry, is used to account for BSSE. According to this method:
where E Con .
BSSE
where E* indicates that the energy of components at complex geometry is calculated from Methods/Basis set of complex geometry.
RESULTS:
Theoretical results of the calculated optimized geometries for structures of purine nucleotide complexes are given in Table 1 and optimized structures obtained in the HF/6-31g*:LANL2DZ are shown in Figure 2 .
Table 1
Optimized bond length ( A") of purine nucleotide complexes in the 6-31g*:LANL2DZ basis set 
HFMg(H20)4AMP HFMg(H20)4GMP
HFMg(H20)5IMP 
Main Group Metal Chemistry
The conformation of the sugar ring in nucleotides and nucleosides can be examined by using a concept of pseudorotation, which utilizes a quantitative description of puckering and conformation in terms of the maximum torsion angle (τ",) and the "Phase angle" of pseudorotation (P), which is a function of the interrelationship between the five torsion angles(T 0 -T 4 ) in the nonplanar five-membered ring. The phase angle, P, and the maximum pucker, tm, are calculated with eq 1 and 2 /17/.
All the possible conformations are grouped into two categories. Type N(P=0±90°) or 3' endo and type S(P=180±90°) or 2' endo/Cl' exo /18/. A majority of the ribose and deoxyribose Ρ values fall in the ranges 0-36° and 144-180° /19/. We have theoretically computed the Ρ values for all nucleotides using HF/6-31g* level on the optimized structures ( Table 2 ).
The ribofuranose rings of nucleosides and nucleotides are puckered, usually into one of two preferred conformations, described as C3'-endo or C2'-endo 1201. A more precise description of the ribofuranose conformation is given by the torsion angles about each bond. The orientation of the ribose rings relative to the purine base is given by torsion angle χ™ about the glycosidic bond for the sequence of atoms C4-N9-
Table2
Dihedral Angles complexes at 6-31g* basis set.
Dihedral Angles
Mg(H20)4AMP Mg(H20)4GMP Mg(H20)5IMP Table 3 Ρ Angles complexes in HF/6-31g* level.
MgOPOS
Complexes Ρ Angle
Mg(H20)4AMP -6.6
Mg(H20)5GMP 12.9
Mg(H20)5IMP 2.1
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These structures are compared with those predicted from an HF/6-31g* basis in Tables 1-3 . The agreement between the theoretical structures predicted in both levels and the experimental geometry is very good for magnesium-nucleotides. The results of these calculations showed that metal-nucleotide sugar conformations fall into categories C3' endo, anti.
The computed energies of the complexes for non-metalated and metalated purine nucleotides are compared by HF/6-31g* method (Table 4) . Geometry optimization and NMR analysis AMP, IMP have been formed with charge and multipilicity -2,3, but geometry optimization GMP was used at the UHF/6-31g* level of theory with charge and multiplicity -2,1. Metalation of purine nucleotides has been found to gie higher stability than in the nonmetalated molecule. Mg(H20)5IMP -2122/534 Table 5 shows the value of BSSE and Ε I+BSSE for the structures. Clearly for the all complexes, values of BSSE are rather small. Therefore, for these cases BSSE is negligible. Table 5 E| (Interaction energies), BSSE and Ε I+BSSI: (Hartree) for complexes in HF/6-31g* level (Table 6 ). A filled bonding or lone pair orbital can act as a donor and an empty or filled bonding, antibonding or lone pair orbital can act as acceptor. These interactions can strengthen and weaken bonds. For example, a lone pair donor -»antibonding acceptor orbital interaction will weaken the bond associated with the antibonding orbitals. Conversely, an interaction with a bonding pair as the acceptor will strengthen the bond. Strong electron derealization in a best Lewis structure will also show up as donor-acceptor interactions. Table 7 shows the interactions that give the strongest stabilization. NBO calculation and optimization GMP have been formed with charge and multiplicity -2,1 at UHF method. The Lewis NBOs in Table 8 describe percentage of the total density, with the remaining non-Lewis density found primarily in the valence-shell antibonding. Also, analysis of the atomic charges is done by the natural bonding orbital (NBO) method. It was found that the charge on 03 in metalated purine nucleotides is higher than in nonmetalated purine nucleotides(03 coordinated to Mg) ( Table 9 ). As shown above, metalation of the purine nucleotides strongly influences the electronic structure of the purine nucleotides, and this leads to energetic stabilization of the structures. Therefore, the increasing 03 basicity of the metalated nucleotides can be attributed to the relative stabilization and increased stability of Mg-nucleotide complexes. Table 7 The stabilization energy E(2) associated with derealization for interactions that give the strongest stabilization in HF/6-31G* level. Table 9 Natural population of phosphate oxygen atoms and P,Mg in metalated purine nucleotides in HF/ 6-31G* basis set. 
Complexes
E 4 BSSE
-
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Complex
Complexes
NMR CHEMICAL SHIFT ASSIGNMENTS
We first optimized the geometry of Mg-nucleotide complexes with the HF/6-31g* level. Then, we calculated isotropic spectroscopic shielding for all atoms in nucleotides, using HF/6-31g** level. In this work, we use the GIAO method which is implemented in thfc GAUSSIAN 98 program.
The isotropic part oiso of σ is measured by taking the average of σ with respect to the orientation to the magnetic field,i. e. ,aiso=(a, 1 +σ 2 2+σ; 1 ; 1 )/3. The results calculated are summarized in Tables 10 and 11 .
The anisotropy is ζ=| σ 33 -σ iso |, and the asymmetry is η=(σ 22 -σΐ 1)/ζ 1211.
Ab initio calculations yield the data in Tables 10 and 11 , showing that the values for the isotropic shielding of C2,C6 (strongly), N3, H2 atoms in metalated AMP, C2 atom in metalated GMP and C2,N1 (strongly),N9,C4,H8,H2 atoms in metalated IMP have been decreased, but the isotropic shielding of N7, H8, C4, C5 atoms in metalated AMP and H8, C8, N7, N3 atoms in metalated GMP and 06 (strongly), N7 atoms in metalated IMP have been increased compared to nonmetalated nucleotides, while the isotropic shielding of other atoms did not change importantly. Table 12 Relative (to TMS)shifts in ppm for 13 C-NMR of AMP,GMP,IMP, using GIAO method at HF/6-31g**. Table 13 Relative (to TMS)shifts in ppm for 13 C-NMR of purine complexes using GIAO method at HF/6-31g**. The We have found a deshielding of the H-8 proton of purine nucleotides by the 5'-phosphate group, but H8 at metalated AMP, GMP have been decreased and the metalated IMP have been increased (Tables 12 and   13 ).
Vol. 28, No. 2, 2005 Structural Studies and Investigation of NMR Shielding Tensors Coordination of Magnesium Hydrate to Purine
Chemical shifts to TMS of the C6,C2 atoms for metalated AMP and C4,C2 for metalated IMP are larger than nonmetalated.
